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Folowing intrahepatic transplantation in adult
syngeneic Fischer 344 rats, diploid cultured rat
liver epithelial cells (WB-F344), modified to carry
the Escherichia coli (3galactosidase reporter
gene and/or the fluorescent membrane dye
PKH26-GL, integrate into hepatic plates and ac-
quire the size and nuclear structure of mature
hepatocytes. Additionaly, oftwo aneuploid, neo-
plastically transformed derivatives of WB-F344
ceUs, both ofwhichproduce aggressivelygrowing
tumors when transplanted subcutaneously, ceUs
ofone line (GN6TF) do notproduce tumors in the
liver but integrate into hepatic plates and mor-
phologically differentiate. The other transformed
line (GP7TB) retains tumorigenicity in the liver,
but ceUs in the intrahepatic tumors are more dif-
ferentiated morphologicaly than are tumors at
subcutaneous sites. These results suggest that
WB-F344 cells are stemlike ceUs for hepatocytes
and that the hepatic microenvironment induces
them to incorporate into hepatic plates and dif-
ferentiate. Our results also suggest that the he-
patic microenvironment regulates the differenti-
ation ofsome neoplasticaly transformed hepatic
stemlike ceUs, thereby eliminating or reducing
their tumorigenic potentiaL (AmJ Pathol 1993,
142:1373-1382)

The liver is composed of two major types of differen-
tiated epithelial cells: hepatocytes, located in the he-
patic parenchymal plates, and biliary epithelial cells
located in the bile ducts. Both of these differentiated
lineages are derived embryonically from a common
founder cell, the hepatoblast, a derivative of the en-

doderm of the ventral foregut. 1-3 Although both hepa-
tocytes and biliary duct epithelial cells in the adult
rodent can proliferate to meet replacement demands
of cells lost from the respective differentiated popu-
lations,4 evidence suggests that the livers of adult rats
also contain undifferentiated epithelial cells that have
some of the major properties expected of stem cells
for both lineages.56 Small, morphologically and func-
tionally simple epithelial cells can be isolated directly
from heterogeneous suspensions of rat liver cells pre-
pared by enzymatic perfusion of the liver, under con-
ditions that exclude differentiated hepatocytes.7-9
Studies on the reaction of rat liver to a variety of in-
juries, including some carcinogenic regimens, have
led to the hypothesis that facultative liver stem cells
may be activated to proliferate and that their progeny
may participate in the development of liver cancer
and other pathological responses.5 14 At least some
of these pathological responses are mediated
through the proliferation and subsequent differentia-
tion of so-called oval cells,10 which may represent
activated liver stem cells.10-14 Oval cells proliferating
after carcinogenic or noncarcinogenic liver injury
have been shown experimentally to differentiate into
hepatocytes.15-20 Nonetheless, the existence of a
stem cell for hepatocytes is still controversial.5 6
We have previously reported the establishment of

a cloned diploid epithelial cell line (designated WB-
F344) from the liver of a young adult male Fischer 344
rat, shown that the cells were not derived from dif-
ferentiated hepatocytes, and characterized some of
their phenotypic properties.21 Although WB-F344
cells share some major phenotypic properties with
both hepatocytes and bile duct epithelial cells, their
overall phenotype differs distinctively from either dif-
ferentiated cell type but resembles that of some lines
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of oval cells.21 22 Neoplastic transformation of WB-
F344 rat liver epithelial cells in vitro yields cell lines
which display various transformed properties, includ-
ing tumorigenicity.23-25 When transplanted into sub-
cutaneous and intraperitoneal sites of syngeneic rats,
neoplastically transformed WB-F344 cells produce a
spectrum of tumors, including highly differentiated
hepatocellular carcinomas, hepatoblastomas, and
adenocarcinomas (ductlike),26 demonstrating their
potential to differentiate along both hepatic epithelial
lineages.

In this study, we have examined directly the ability
of WB-F344 rat liver epithelial cells21 and of selected
tumorigenic progeny of the WB-F344 cell line23-25 to
differentiate morphologically into hepatocytes under
the influence of the microenvironment of the liver. The
results demonstrate that WB-F344 cells give rise to
hepatocytes of the liver parenchyma in vivo following
transplantation. In addition, the present study shows
that the microenvironment of the liver parenchyma ex-
erts a regulating influence that suppresses or re-
duces the tumorigenicity of some highly tumorigenic
variants of WB-F344 cells, perhaps by inducing ter-
minal hepatocytic differentiation.

Materials and Methods
Cell Lines and Culture

The cell lines utilized in these studies were derived
from a normal nonhepatocytic rat liver epithelial cell
line termed WB-F344.21 Phenotypically distinct
y-glutamyl transpeptidase-positive and negative
cell lines were established from a tumorigenic
population of WB-F344 cells transformed in vitro by
11 consecutive brief treatments with 5 pg/ml
N-methyl-N'-nitro-N-nitrosoguanidine.22-25 Tumors
which formed in syngeneic animals after transplan-
tation of transformed cell lines gave rise to tumor
cell lines that expressed altered phenotypic proper-
ties and produced tumors in 100% of animals after
a short latency period.27 Two of the tumorigenic cell
lines isolated from these tumors, GN6TF (derived
from a tumor that resulted following transplantation
of cloned line GN6) and GP7TB (derived from a tu-
mor that resulted following transplantation of cloned
line GP7), were utilized in these studies. These tu-
mor cell lines are aneuploid27 and carry similar
marker chromosomes (S Steadman, LW Lee, GJ
Smith, JW Grisham, unpublished observation). The
WB-F344 cells and tumor cell lines were maintained
in Richter's improved minimal essential medium with
zinc option (Imemzo) supplemented with insulin, as
modified28 from Richter et al.29

Production of BAG2 Retrovirus and
Infection

The CRE BAG2 cell line (American Type Culture
Collection #CRL 1858) is a retrovirus packaging
mutant30 that produces an infectious defective ret-
rovirus31 encoding the Tn5 neomycin resistance
gene and the Escherichia coli 3-galactosidase
gene of the Lac operon.32 Conditioned medium
containing infectious BAG2-retrovirus was collected
from cultures of CRE BAG2 producer cells that had
been held at confluence for 4 days. Infectious me-
dium was passed through a 0.45-p filter to remove
cellular debris and used directly. Assays for helper
virus using National Institutes of Health 3T3 cells
were performed as recommended by the American
Type Culture Collection. No helper virus activity was
detected in any of the viral preparations used for
these studies.

Infection of WB-F344 cells and tumorigenic prog-
eny with the BAG2-retrovirus was performed essen-
tially as described.32 Recipient cell lines (WB-F344,
GN6TF, and GP7TB) were infected in the presence
of 8 pg/ml 1,5-dimethyl-1 ,5-diazaundecamethylene
polymethylbromide (polybrene) for 4 to 6 hours at
37 C. Infected cells were plated with Richter's Im-
emzo medium28'29 containing 800 pg/ml G418 (neo-
mycin sulfate) 24 hours after infection. Cells were
re-fed every 3 days with fresh medium containing
G418 until colonies of G418-resistant cells were ob-
tained. Colonies exhibiting G418 resistance were
isolated using cloning rings and established as indi-
vidual cell lines. No deleterious effects on the ability
of these cells to thrive in culture were observed fol-
lowing infection with the BAG2-retrovirus.

Cell Staining with PKH26-GL

The fluorescent membrane dye PKH26-GL33 was
utilized in some studies as an alternative marker for
transplanted cells. This membrane dye forms a sta-
ble marker for transplanted cells with no transfer of
the dye from labeled cells into the adjacent nonla-
beled cells following transplantation.33 Labeling
conditions employed were essentially as described
by the manufacturer (Zynaxis Cell Sciences, Mal-
vern, PA). Briefly, trypsinized cells were washed
twice in serum-free medium, resuspended to a den-
sity of 2 x 107 cells/ml in Diluent C (provided by
Zynaxis) and mixed with an equal volume of the
PHK26-GL dye in Diluent C to give a final dye con-
centration of 10 pmol/L. Labeling was carried out at
room temperature for 10 minutes. The labeling reac-
tion was terminated by the addition of an equal vol-
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ume of fetal bovine serum. Labeled cells were di-
luted with culture medium containing serum and
washed once. These labeling conditions signifi-
cantly diminished cell viability (by -20 to 30%).
Therefore, cells were routinely replated after label-
ing with the fluorescent dye and cultured overnight
to allow them to recover. Cell preparations used for
transplantation had viabilities greater than 95%.

Cell Transplantation

Five independent transplantation series were car-

ried out using BAG2-WB cells. The BAG2-WB cells
were introduced into the liver tissue by direct trans-
capsular injection into a liver lobe (n = 32 rats) or

by transplantation into the spleen (n = 8 rats). Fif-
teen animals received BAG2-WB cells that had
been labeled with PKH26-GL33 to provide a sec-

ondary marker for transplanted cells (as described
above). In two of these injection series, individual
rats were subjected to partial hepatectomy34 in
conjunction with the transplantation of cells (n = 8).
Partially hepatectomized animals received BAG2-
WB cells by direct injection into a lobe of the resid-
ual liver or into the spleen following the hepatic sur-

gery. Groups of control rats included in each of the
transplantation series consisted of normal controls
(no cells transplanted, no surgery performed) and
transplantation controls (transplanted with the pa-

rental cell line). Specifically, 11 control rats received
transplants of parental WB-F344 cells (lacking the
reporter gene construct), and another 18 normal
control rats provided liver tissue that had not been
transplanted with cells. The BAG2-GN6TF and
BAG2-GP7TB cells were transplanted into the livers
of recipient rats in the same manner. A total of 12
experimental animals and 10 transplantation control
animals were utilized for the transplantation series
with transformed cell lines.

Cells intended for transplantation (BAG2-WB,
BAG2-GN6TF, BAG2-GP7TB, or the parental lines)
were trypsinized, washed in three changes of ice-
cold Thilly's buffered salt solution to remove traces
of serum, resuspended in ice-cold Thilly's buffered
salt solution at a concentration of 5 x 106 cells/0.2
ml, and held on ice until used. Cells in a volume of
200 pl were injected with a tuberculin syringe di-
rectly into the median liver lobe or into the dorsal tip
of the spleen of male rats anesthetized lightly with
ether. When needed, hemostasis was maintained by
applying a Gelfoam sponge to the site of injection.
No loss of cell viability was evident upon culture of
cells following their maintenance on ice during in-

jection procedures (1 to 2 hours). Studies involving
the use of animals were carried out in accordance
with federal and institutional guidelines put forth by
the National Institutes of Health and the Institutional
Animal Care and Use Committee of the University of
North Carolina at Chapel Hill.

,B-Galactosidase Histochemistry

Clonal cell lines isolated from G418-resistant colo-
nies following infection of the parental rat liver
epithelial cell lines with the BAG2-retrovirus were
characterized for 3-galactosidase expression in
vitro using 5-bromo-4-chloro-3-indoyl f-D-galac-
topyranoside (X-gal). Cell monolayers were fixed in
an ice-cold solution of 1% glutaraldehyde contain-
ing 100 mmol/L NaPO4 (pH 7.0) and 1 mmol/L
MgCI2 for 15 minutes, rinsed briefly in 100 mmol/L
NaPO4 (pH 7.0), and incubated for 4 to 16 hours at
37 C in an X-gal substrate modified from that of
Sanes et a135 containing 25 mmol/L NaPO4 (pH
7.0), 150 mmol/L NaCI, 1 mmol/L MgCI2, 3.3 mmol/L
K4Fe(CN)6*3H20, 3.3 mmol/L K3Fe(CN)6, and 0.2
mg/ml X-gal. The X-gal was dissolved in N,N'-
dimethylformamide at 20 mg/ml, and then diluted
into the substrate reaction mixture. Liver cryo-
sections (8 to 10 p) containing transplanted BAG2-
WB, BAG2-GN6TF or BAG2-GP7TB cells were fixed
with glutaraldehyde, and j3-galactosidase his-
tochemistry35 was performed as described for cell
monolayers.
We observed that the endogenous lysosomal

,B-galactosidases of rat cells (especially in splenic
macrophages and to a much lesser extent in
Kupffer cells and rare hepatocytes) that display
acid pH optimas36-39 retain sufficient activity at the
neutral pH optimum of the bacterial enzyme to yield
appreciable blue chromogen from X-gal. To reduce
the possibility that f-galactosidase-positive cells in
liver cryosections represent the expression of en-
dogenous activities in host macrophages or hepato-
cytes, control liver cryosections were incubated in
X-gal substrate in parallel with liver cryosections
from experimental rats. Groups of control rats con-
sisted of both normal adult rats and adult rats trans-
planted with parental cell lines lacking the reporter
gene construct (as described above). The condi-
tions routinely used for detection of transplanted
cells (<16 hours incubation time in X-gal substrate)
minimized the numbers of host cells (hepatocytes
or macrophages) yielding discernible ,B-galac-
tosidase activity in control liver cryosections. In con-
trast, histochemical identification of transplanted
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cells (which carry the E. coli 3-galactosidase gene)
within the spleen was not possible due to the ex-
tremely high level of endogenous f3-galactosidase
activity observed in splenic macrophages.

Polymerase Chain Reaction (PCR)

Synthetic oligodeoxynucleotide primers comple-
mentary to the DNA sequences located in the Tn5
neomycin resistance gene and the SV40 region of
the BAG2-retroviral DNA were used. The 5' amplifi-
cation primer (5'-GATCAAGAGACAGGAGGATCG-
GTTTCGC) is complementary to the coding se-
quence of the neomycin resistance gene,40 and the
3' primer (5'-GGATCCAGACATGATAAGATACATTG-
ATGAG) recognizes the SV40 polyadenylation sig-
nal.41 Thirty-five cycles of amplification with the
Thermus aquaticus polymerase were performed us-
ing 95 C for denaturation, 58 C for primer anneal-
ing, and 72 C for elongation. In positive samples,
the amplification reaction produced a 1.95-kb DNA
fragment. Reactions containing control liver DNA as
the template for PCR failed to produce an amplified
DNA product.

Results
We established cell lines carrying the E. coli
3-galactosidase reporter gene and the neomycin
resistance gene by infection of WB-F344 cells and
cells of two tumor lines (GN6TF and GP7TB) with
the BAG2-retroviral construct.32 Infected cell lines,
termed BAG2-WB, BAG2-GN6TF, and BAG2-
GP7TB, were selected by their neomycin resistance
and by their expression of histochemically detect-

able35 levels of ,B-galactosidase (as shown in Figure
1). Southern analysis of DNA isolated from BAG2-
infected cell lines demonstrated that the neomycin
resistance gene had been inserted into the host ge-
nome (data not shown). Assays for helper virus in
successfully infected cell lines demonstrated that
the BAG2-cells used in this study produced no in-
fectious BAG2 virus (data not shown).
BAG2-WB cells established from WB-F344 cells

were transplanted into livers of adult rats to investi-
gate the fate of these cells within the microenviron-
ment of the liver. For some transplantation experi-
ments, BAG2-WB cells were also labeled with the
fluorescent membrane dye PKH26-GL.33 Rats were
sacrificed at various intervals (from 7 to 120 days)
following transplantation of BAG2-WB cells, and
livers were examined for the presence of
/-galactosidase-positive and/or PKH26-GL-positive
cells. Examination of livers from rats transplanted
with BAG2-WB cells revealed that f-galactosidase-
positive cells were incorporated into the hepatic
plates among the host hepatocytes (Figure 2, A to
F). The presence of 3-galactosidase-positive cells
within the plates of the hepatic parenchyma was
observed at all time points up to 17 weeks following
transplantation, the limits of this study. These
,B-galactosidase-positive cells resembled host hep-
atocytes in terms of nuclear structure and cell size.
Differentiated hepatocytes are more than twice the
size of WB-F344 cells21 and, in contrast to the latter,
contain larger, spherical nuclei with prominent
nucleoli.7-9,21 The large size of the P-galactosidase-
positive cells and the structure of their large vesicu-
lar nuclei suggest that the morphology of the
BAG2-WB cells changed in conjunction with their

Figure 1. Expression of histochemically-detectable 13-galactosidase activity in BAG2-infected cell lines. Clonal cell lines isolated from G418-
resistant colonies following infection ofparental cell lines with the BAG2-retrovirus (BAG2-WB, BAG2-GN6TF and BAG2-GP7TB) were character-
ized for 13-galactosidase expression in vitro using X-gal. The parental cells (WB-F344, GN6TF, and GP7TB) in each case did not express any en-
dogenous f3-galactosidase activity atnd therefore did notproduce blue chromogen upon incubation with X-gal (data not shown). A: BAG2-WB20.6
cells, B: BAG2-GN6TF cells, C: BAG2-GP7TB cells. (Magnification - x 380).
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Figure 2. Cryosectiotns demonstrating the presenice of tranisplanted BAG2-WB cells itn the liver parenchvma of tratnsplanited rats. Liver tisstue uas
obtained from rats at various intervals (7 to 120 davs) follouling tranisplantatiotn uith BAG2-WB cells. Freshlv isolated tissue uas flash frozen in
isopentane, cooled in liquid nitrogeni. anid cryosections prepared. Cryosectionzs (-8 to 10 j) uwerefixed brieflv u'ith glutaraldebyde, histochemically
stained by reaction uith an X-gal suibstrate for 4 to 16 houirs, anid countiterstained in Mavers hematoxvlinl solution. A,B: Liver sectionsfrom a rat
30 days follou,ing transplanztation. C,D: Liver sections from a rat 50 daYs following tranisplantationi. E,F: Liver sections from a rat 87 daYs follow-
ing transplantation. (Magnifications: A to E, - x800; F. x550).

incorporation into hepatic plates. Identical results
were obtained when BAG2-WB cells were intro-
duced into the liver tissue via injection into the
spleen (data not shown) and when transplantation
of cells was accompanied by partial hepatectomy
(data not shown).

Identification of f-galactosidase-positive cells
outside the hepatic plates as transplanted BAG2-
WB cells was complicated by the presence of
Kupffer cells, which sometimes show f-galac-
tosidase activity histochemically.42 Hepatocytes in
liver cryosections from control rats exhibited negli-
gible background staining for f-galactosidase un-
der the conditions for histochemical detection uti-
lized (as described in Materials and Methods; data
not shown). No significant difference was observed
in the level of endogenous f-galactosidase activity
detected in liver cryosections from normal controls
and in those from rats that were transplanted with
parental cell lines that lacked the reporter gene
(data not shown). The presence of transplanted
BAG2-WB cells in the liver parenchyma was verified

using the lipophilic fluorescent membrane labeling
dye PKH26-GL33 (data not shown). In addition, PCR
amplification of hepatic DNA prepared from rats
transplanted with BAG2-WB cells demonstrated
DNA sequences corresponding to the Tn5 neomy-
cin resistance gene from the BAG2-retroviral con-
struct,32 as shown in Figure 3.
When transplanted subcutaneously, the tumor-

derived GN6TF and GP7TB cells produce poorly
differentiated neoplasms containing spindle-shaped
cells that resemble mesenchymal cells morphologi-
cally (Figure 4, A and E). As shown in Table 1, these
cell lines are highly aggressive subcutaneously,
forming tumors of 0.5 to 1 cm diameter in 100% of
the hosts after a short latency period (18 to 21
days for cells transplanted into neonatal animals
and 28 days for cells transplanted into adult ani-
mals). Infection of the tumor cell lines with the
BAG2-retrovirus altered neither their tumorigenicity
nor latency after subcutaneous injection (Table 1),
and the subcutaneous tumors resulting from
BAG2-GN6TF and BAG2-GP7TB cells demon-

i,1
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Figure 3. PCR detectioni of BAG2-retroviral DNA in getnomic DNA
prepared from liver tissze of transplanted rats. Genomic DNA uas

prepared from representative samples of liver excised from niormal
rat liver, conztrol rat liver tranisplanted uith parental WB-F344 cell
linies, or from the liver of a rat that had beent transplanted tvith
BAG2-WB cells. PCR reactiotns were carried otit tusitng 100 to 200 nig
template DNA. PCR produicts were anal'zed oni 2% agarose gels conI-
tainiilg 40 mniol/L Tris-acetate/l mmol L eth'lenediaminletetraacetic
acid (pH 7.6) anid stainied uith ethidium bromide. The migrationi of
DNA molecuilar size standards are inidicated (kb). PCR reactioni
products from: lane A: DAA extracted from livers transplanted unith
BAG2-WB cells (41 days following trantsplanitationt); lane B: niormal
control liter DNA; lane C: conztrol liver tranisplanited unith parenital
WB-F344 cells; anid lane D: conitrol plasmid template conitainlinig the
TnS neomycin resistanice gene (from pSV2neo). Amplificationi of the
neomycin resistanice genie of the BAG2-retroviral DNA produices a

1.95-kbfragmenit uisinig the primers described.

strated intense blue staining when subjected to
3-galactosidase histochemistry (Figure 4, A and E).

When BAG2-GP7TB cells were transplanted into the
liver, no alteration in tumorigenicity was observed
(Table 1); small tumors (<0.3 cm diameter), which
stained intensely blue by f-galactosidase his-
tochemistry (Figure 4, F and G) and demonstrated
bright orange fluorescence from PKH26-GL (Figure
4H), were evident in the liver within one week after
transplantation. Transplanted BAG2-GP7TB cells
formed expanding masses of similar cells within the
liver; tumor cells were in contact with host hepato-
cytes only at the peripheries of the tumors. Unlike
the spindle-shaped cells in subcutaneous tumors,
liver tumors from the same cell line (BAG2-GP7TB)
contained plump cells of epithelial morphology (Fig-
ure 4, F and G), suggesting that the influence of the
hepatic microenvironment results in more highly dif-
ferentiated tumors. Whereas BAG2-GP7TB tumors

could be detected within the liver tissue shortly after
transplantation, the hepatic tumors seemed to grow
more slowly than did subcutaneous tumors. This
suggestion is based on our observation that BAG2-
GP7TB cells form large tumors (>1.0 cm diameter)
at subcutaneous sites with an average latency of 21
days following the transplantation of 1 x 106 cells
(Table 1), whereas the same cells formed small tu-
mors (-0.3 cm diameter) in the liver in a compara-
ble length of time following the injection of 5 x 106
cells.

In contrast to the results obtained with BAG2-
GP7TB tumor cells, the BAG2-GN6TF tumor cells
failed to produce tumors following transplantation of
5 x 106 cells into the liver. Instead, numerous
3-galactosidase-positive cells morphologically re-
sembling hepatocytes were individually integrated
into hepatic plates (Figures 4, B and C), similar to
the diploid BAG2-WB cells. These f-galactosidase-
positive hepatocytelike cells were detected up to 87
days following transplantation, a period that is four-
fold greater than the average latency period for tu-
mor formation when 1 x 106 cells of the same line
are transplanted subcutaneously (Table 1). Fluores-
cence microscopy of liver sections from animals
transplanted with BAG2-GN6TF cells that had been
fluorescently labeled with PKH26-GL dye also re-
vealed the presence of cells showing specific or-
ange fluorescence (Figure 4D).

Discussion
Recent studies have shown that differentiated hepa-
tocytes isolated from enzymatically prepared sus-
pensions of murine liver cells integrate into the he-
patic plates following transplantation into livers of
congenic animals.4344 Our observations show that
WB-F344 rat liver epithelial cells also integrate into
hepatic plates and morphologically differentiate into
hepatocytes. Because the functionally and structur-
ally simple WB-F344 liver epithelial cell line was iso-
lated directly from the normal liver of a rat21 under
conditions that excluded mature hepatocytes,7-9
our combined results provide evidence that these
cells represent an hepatocytic stem cell that exists
in normal adult rat liver. By the transplantation tech-
nique utilized in these studies, 3-galactosidase-
positive hepatocytelike cells were observed only in
the hepatic plates among the host hepatocytes,
suggesting that the microenvironment of the hepatic
lobular parenchyma exerts a strong stimulus for
differentiation of stem cells into hepatocytes. Stud-
ies aimed at characterizing the expression of
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Figure 4. Bebavior ofBAG2-GN6TF and BAG2-GP7TB cells follou,ing transplantation into different tissue environments. Cryosectionsfrom subcu-
taneouis tumors or liver tissues were fixed and analyzedfor the presence of transplanted cells. A,E: Cryosections from spindle-cell tumors arising
uwith short latency (1 7 to 21 days)following subcutatneous transplantation ofBAG2-GN6TF (A) and BAG2-GP7TB (E) into 1-day-old syngeneic host
rats. B,C: BAG2-GN6TF cells integrated intto hepatic plates and morphologically differentiated in the liver ofan adtult syngenic rat 87 daysfollow-
inig transplantationi uithoutformation of tzmors. D: BAG2-GN6TF cells incorporated intto the hepatic plates ofa host rat detected uisintg PKH26-GL
membrante laheling dye 30 days following tratnsplantation. F to H: Transplantation ofBAG2-GP77B cells into the livers of adult syngeneic rats re-

suilted in the formation of tuimors that exhibited a higher degree of differentiation thant those observed at suibcutaneouis sites. These tumors were

visualized uisintg both X-gal histochemistry (F, G) and PKH26-GL membrane labelinig dye (H). (Magnifications: A, D, E to H, x300; B, C,
- x450).

hepatocyte-specific markers of differentiation in
WB-F344 cells following intrahepatic transplanta-
tion, which will define the degree of functional differ-
entiation accompanying the observed morphologi-
cal differentiation of these cells in the liver, are

currently in progress.

Because all the transplanted BAG2-WB cells
were found to be located in the lobular parenchy-
mal compartment, our studies do not answer the
question of whether WB-F344 cells can differentiate

along the bile duct cell lineage when the proper
stimulus is provided. Bile duct cells form from the
embryonic hepatoblast following an inductive stimu-
lus provided by contact with the portal tract mesen-

chyme.1 It is possible that transplanted BAG2-WB
cells may require contact with the portal mesen-

chyme to produce bile ducts. Alternatively, the WB-
F344 cells may have advanced along the hepato-
cyte differentiation pathway from true bipotential
stem cells and may be able to differentiate only into

Table 1. Transplantation Site-Specific Tumorigenicities ofBAG2-GN6TF, BAG2-GP7TB, and Parental Cell Lines

Subcutaneous transplantation* Transplantation to the livert

Tumors per Tumorigenicity Latencyt Tumors per Tumorigenicity Latency§
Cell line rats injected (%) (days) rats injected (%) (days)

BAG2-GN6TF 21/21 100 21 ± 4 0/3 0 N.A.I1
BAG2-GP7TB 25/25 100 21 ± 3 9/9 100 19 ± 3
GN6TF 7/7 (5/5)1 100 21 ± 1 0/5 0 N.A.
GP7TB 8/8 (3/3)1 100 18 ± 2 5/5 100 13 ± 5

* Cell lines were transplanted subcutaneously (1 x 106 cells injected) into 1-day-old Fischer 344 rat pups. Subcutaneous tumors were har-
vested after reaching a size of approximately 1 cm diameter.

t Cell lines were transplanted intrahepatically (5 x 106 cells injected) into young adult Fischer 344 rats by direct injection into the median
liver lobe or dorsal tip of the spleen. Animals were sacrificed at various intervals following transplantation and livers inspected histochemically
for the presence of tumor masses.

t Mean time to the harvest of approximately 1 cm diameter tumors.
§ Rats subjected to liver transplantation with tumor cell lines were sacrificed at regular intervals from 7 to 30 days following transplantation.

Thus, this value represents the time required for tumors to become macroscopically detectable.
Not applicable.

¶ GN6TF and GP7TB cells were also evaluated for tumorigenicity following subcutaneous transplantation (1 x 107 cells injected) into adult
Fischer 344 rats (approximately 200 g). Average latency for subcutaneous tumor formation in adult animals was 28 ± 1 day for each of these
cell lines.
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hepatocytes, as has been suggested for some lines
of cultured oval cells.45'46
BAG2-GN6TF and BAG2-GP7TB cells are de-

rived from aneuploid parental cell lines (GN6TF and
GP7TB)27 that carry similar marker chromosomes (S
Steadman, LW Lee, GJ Smith, JW Grisham, unpub-
lished observations). Despite this fact, these cells
are differentially regulated by the hepatic microenvi-
ronment to grow in a more controlled manner than
they do at subcutaneous sites of transplantation.
The apparent complete morphological differentia-
tion of BAG2-GN6TF cells suggests that the mi-
croenvironment of the liver not only suppresses the
ability of this particular tumor cell line to form tu-
mors but also stimulates them to integrate into he-
patic plates and differentiate into hepatocytes. In
contrast, BAG2-GP7TB cells form tumors in the liver
that are more highly differentiated morphologically
than are tumors that form at subcutaneous trans-
plantation sites, suggesting that the regulatory influ-
ence of the liver parenchyma can induce partial re-
version of the transformed phenotype without
complete suppression of tumorigenicity. These ob-
servations suggest that transformed, highly tumori-
genic, rat liver epithelial stemlike cells retain part or
all of the cellular targets (cell-surface receptors, cell
adhesion proteins, etc.) that mediate the cellular re-
sponse to microenvironmental influences within the
liver. The effects of the lobular parenchymal mi-
croenvironment on these transformed rat liver epi-
thelial stemlike cells may require the incorporation
of the transplanted cells into the hepatic plates and
the formation of intimate cell-cell contacts with dif-
ferentiated hepatocytes, contact or interaction with
the liver extracellular matrix, and/or the presence of
specific transactivating factors produced by cells of
the normal liver. The present studies have not deter-
mined whether the suppressive effects of the lobu-
lar parenchyma represent a permanent genetic re-
programming of the transformed cells, resulting in a
more differentiated cell phenotype with lower ca-
pacity for proliferation, or a tissue-specific and re-
versible cis-suppression that is dependent upon
factors present within the adult liver for the mainte-
nance of suppression.
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